In this study, the inkjet introduction system was applied to CE [22] and quantitative analysis of catecholamines in serum by accurate controlling the exact introduction volume was carried out. The inkjet microchip was used for precise placement and introduction of sample for CE. They say that there is only once or no false ejection out of one billion times ejections in inkjet technology. This issue also promised the consistency and reproducibility of ejection.
For the accurate quantitative analysis, it is extremely important to know the exact amount of sample introduced into the capillary. The inkjet introduction method will be expected to solve the problem.
Experiment Chemicals
All chemicals were of analytical grade except especially indicated and were used without further purification. Dopamine hydrochloride (DA) and the fluorescein isothiocyanate isomer I (FITC) were purchased from Sigma−Aldrich Chemie GmbH (Steinheim, Germany). L−Adrenaline Bitartrate (Epinephrine, EP) was from Tokyo Chemical Industry (Tokyo, Japan). Pyridine, Sodium tetraborate decahydrate, Sodium hydroxide, Hydrochloric acid, Acetone (for spectroscopy) were bought from Kanto Chemical Co., Inc. (Tokyo, Japan). The human serum used in the experiment was purchased from Bethyl Laboratories INC (TX, US), and containing 0.1% sodium azide. Deionized water (Milli−Q system, Japan Milliipore Co., Tokyo, Japan) was used throughout the experiment.
Inkjet microchip
Four−channel inkjet microchip was kindly gifted from Fuji Electronics Co. (Tokyo, Japan) that was used as a printing head of industrial recorder (Fuji Electronics Co., Type CNO−1010, Tokyo, Japan). Sample droplets were yielded via the deformation of the extrusion chamber that was pushed by the piezoelectric slice driven by the pulse voltage. The number of ejected droplets could be controlled by the number of applied pulses between 1 and 10000. Furthermore, some parameters of pulse waveform could be adjusted as follows: applied voltage; 0 120 V, the pulse duration and interval; 1 100 µs.
Inkjet introduction system
The integrated equipment (including introduction, separation and detection device) has been described elsewhere [23] . The system is shown in Figure 1 . Briefly, the inkjet microchip was moved by XY stage to align the center of capillary tip to the nozzle of inkjet microchip. In the injection process, the tip of capillary in the inlet reservoir was raised up and out of buffer solution. Then the inkjet microchip ejected definite amount of sample droplets. The sample on the capillary tip was pushed into the capillary by Laplace pressure caused by surface tension.
Separation and detection system
The setup for CE device was made by our laboratory. An in 
Labeling procedure
To match fluorescence detection, the derivatization of DA and EP with FITC was implemented according to the procedures described elsewhere [21] . All procedures were carried out in a 3 mL brown glass. 
Preparation and derivatization of serum samples
The labeling process of the human serum was same as above.
After the derivatization reaction was completed, the FITC−labeled serum was centrifuged at 1250 rpm for 5 min. The supernatant was collected and applied to CE separation. The FITC labeled serum was diluted for 4 times by 1 10 2 mol/L borate buffer solution (pH 9.0) before ejection to CE. The final amount of acetone in diluted serum was 12.5%, which was also an important effect inkjet ejection and treatment of serum. All the sample solutions including FITC−DA, FITC−EP solutions and diluted FITC labeled serum was filtered through 0.45 µm PDVF (Kanto Chemical Co., Inc., Tokyo, Japan) membrane filter before injection to the CE system.
Accurate solution gravimetric
Accurate mass measurements of micro droplets measurements of micro droplets were carried out by the method as already reported by Verkouteren et. al. [24] . Briefly, micro balance with Sarto_In Timer (Sartorius mechatronics, Tokyo, Japan) was used to record the weight value. Compensation of evaporation was made from the time course variation of droplet weight.
Results and discussions

The principle of inkjet injection for CE
The process of liquid drop introduction in inkjet injection system was shown in Figure 2 . According to the record of high speed camera (KEYENCE, VW−9000, Tokyo, Japan), all the droplets were ejected through inkjet as drop−by−drop. At first, the tip of the capillary was lifted from the buffer solution. Then driving pulses were applied to the piezoelectric slice. Consequently, the sample droplets were ejected from the nozzle of inkjet microchip and accumulated on the tip of capillary. Then, the accumulated droplets on the tip of capillary were pushed into capillary. Finally, the capillary was immersed back into the buffer reservoir to perform CE separation.
Surface tension is a property of the surface of liquid that allows 
Where r surface curvature radius, rc capillary internal radius, and θ contact angle.
As in the Figure 2 shown, the initial state 'a', the curvature ra- 
The effect of inkjet ejection condition on the sample introduction reproducibility
The driving wave form for piezoelectric slice had two parameters, the driving pulse voltage and the duration of pulse. The speed of droplet was higher when the driving pulse voltage was higher. In the experiment, one electric driving pulse could eject one droplet from the inkjet. The droplets would not be ejected out, or deviate from normal track, when the driving pulse voltage was less than 23
V. The reason is the driving force was not enough to push out the droplets. In this case, the relative standard deviation (RSD) of sample introduction for CE was large, because it could not be guaranteed every droplet match the center of capillary on tip. On the other hand, the sample droplets would splash out from the tip of capillary when the voltage was beyond 50 V, which also caused the high RSD. All of the process of ejection was recorded by high speed camera. When the driving voltage was less than 50 V, every driving pulse could generate one droplet. Once the driving voltage was over 50 V, every pulse would generate one main droplet and a small satellite droplet. Since the satellites droplet was much smaller, it was easy to be effected by the current environment to generate high RSD. For example, the satellite droplet could be strayed away easily before touching the tip of capillary. And as shown in Figure 3 , the optimum driving voltage of 25 V to 50 V for inkjet was obtained, while the RSD of sample amount introduced was less than 3%.
Evaluation the introduced volume
One droplet volume could be calculated by the quotient of the certain number of droplets mass and their density. So the volume of sample introduced could be figured out. Comparing other injection methods of CE, the inkjet introduction method gave absolute sample volume injected, which is of importance for the analytical method of standardization. As the results listed in Table 1 The injection conditions for inkjet: driving voltage was 50 V, drive pulse duration was 35 µs. The injection conditions for ink−jet were same to Table 2 . The injected volume of 4 times diluted serum was 2.43 nL (10 droplets). NA means that did not detect. 
